Safety of radio frequency (RF) electromagnetic fields (EMF) is commonly discussed in terms of specific absorption rate (SAR). Phantoms which are adjusted its electric property to biological tissues are useful to estimate SAR. One of the methods to estimate SAR is measurement of temperature elevation due to energy absorption of RF-EMF within the phantom over a short period of time following the RF exposure.
We propose a new non-destructive method to measure three-dimensional (3D) SAR distribution from temperature elevation in phantoms with micro-capsulated thermo-chromic liquid crystal (MTLC).
In this paper MTLC is used as temperature sensor. The diameter of MTLC is about 20 to 30 µm. Thermo-chromic cholesteric liquid crystal is contained in the urea resin capsule. When the visible light is projected to MTLC, a scattered light with certain color, which corresponds to temperature of substrate surrounding MTLC, is observed. The wavelength of scattered light becomes shorter with the increase of temperature. In other words, the scattered light changes in its color from red to purple with the increase of temperature. MTLC are used by suspending uniformly in the transparent substrate.
The substrate material for the phantom should not be convective to measure SAR. Therefore, high-molecular gel constructed from carrageenan, which is extracted from seaweed and has high transparency, is used as the substrate of the phantom to prevent convection. The dielectric properties of the phantom are adjusted by mixing propylene glycol, or KCl (potassium chloride).
Complex permittivity plots of the dielectric properties of phantoms that are made from carrageenan are shown in Fig.1 . Values of complex permittivity are measured by the dielectric probe (Agilent 85070C). In this graph, horizontal axis and vertical axis indicate relative permittivity (ε'(ω)) and loss (ε''(ω)), respectively. Dielectric properties of the transparency phantom based on carrageenan can be controlled by varying the concentration of sucrose, propylene glycol and KCl. Solid curve that shows muscle property is obtained by the parametric model of biological tissues. We can adjust a value of complex permittivity of the carrageenan phantom to that of muscle at 900MHz and 1.45GHz.
Exposure experiment are performed with the phantom adjusted its complex permitivity to the muscle value at 1.45 GHz. A dipole antenna is used to irradiate the phantom. The temperature distribution, which is indicated by scattering light from red to purple, on the plane lit up by the slit light is obtained clearly as shown in Fig.2 . The temperature distributions on other planes are also visualized by moving the slit light location. These observations suggest the possibility of the 3D visualization that is reconstructed by measured data at each plane.
We try to quantify temperature distribution from captured image in this paper. Temperature quantification is carried out by using HSL (H;Hue, S;Satulation, L;Lightness) color scheme. Temperature value has one-to-one correspondance to H value according to calibration data of hue versus temperature value. Therefore, captured images, whitch are represented by RGB color coordinate system, are transformed into HSL color coordinate system. Temperature distribution is estimated form H value distribution by using calibration data as shown in Fig. 2 . We obtain the prospect of non-destructive 3D SAR measurement by using MTLC as temperature sensor. A new method to measure three-dimensional (3D) temperature distributions is developed. This method is applicable to the experimental studies to relate tissue temperature elevation with specific absorption rate (SAR) in a material exposed to radiofrequency electromagnetic fields (RF-EMF). The temperature sensor used in this study is micro-capsulated thermo-chromic liquid crystal (MTLC). A gel phantom containing MTLC is made from carrageenan. An exposure experiment is performed by using a dipole antenna. Temperature distributions are visualized as color distributions in real-time and non-destructive way. Calibration curve is obtained so as to relate the hue of the color to the temperature. Temperature distributions of the exposure experiment are estimated using the curve. The exposure experiments with other RF-EMF sources are also performed. These results show that this method has wide application for measuring 3D temperature distributions.
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